INTRODUCTION
In a previous paper (Burgyan et al., 1986) we have shown that four major proteins were synthesized by translation in vitro of cymbidium ringspot virus (CyRSV) RNA. One (Mr 40000, 40K) was unambiguously shown to be a translation product of intact genomic RNA, presumably in the 5' region. This region may also code for a smaller protein (34K), which is partially contained in the 40K protein. The amount of 34K protein varies from one experiment to another, and it is not clear whether it is a real product of the virus genome or an artefact, being produced by an RNA just a little shorter than genomic size RNA. For two proteins (43K, identified as virus coat protein, and 22K) the formation of subgenomic RNAs was proposed. We speculated on the position of these genes on the virus genome, accepting the general assumption that the coat protein gene would reside near the 3' end.
The results of further investigations of this point, using cloned DNA complementary to the virus genome, are illustrated in the present paper.
METHODS
Virus purification and RNA preparation. An isolate of CyRSV with no satellite RNA was propagated in Nicotiana clevelandii and purified as described by . Viral RNA was extracted from virus particles by resuspension in 0.01 M-Tris HCI pH 7.5, 0.1 M-NaC1, the addition of proteinase K and SDS (50 ~tg/ml and 0-5% w/v, respectively) and extraction with phenol :chloroform (1:1). RNA was precipitated from 70% ethanol, resuspended in water and size-fractionated by centrifugation through linear log sucrose gradients (Brakke & Van Pelt, 1970) . Fractions were analysed for RNA content in 1.2% agarose gels in TBE buffer (90 mMTris, 90 mM-boric acid, 3 mM-EDTA, pH 8-3). One fraction composed primarily of genome-length RNA was chosen for molecular cloning.
Total RNA was isolated from leaf tissue ground in liquid nitrogen, resuspended in 50 mM-Tris-HCl pH 7.5, 0-1 M-NaC1, 1 mM-EDTA and 0-5% (w/v) SDS. After phenol:chloroform extraction, RNA was precipitated with ethanol, resuspended in TE buffer (10 mM-Tris-HC1 pH 7-5, 1 mM-EDTA) and fractionated with LiC1 (Diaz-Ruiz & Kaper, 1978) . Material insoluble either in 2 M-LiC1 or in 4 M-LiC1 was collected by centrifugation and resuspended in water. Four M-LiCI-insoluble material was further treated with RNase A (Sigma) (0.5 gg/ml in 0.03 M-NaC1, 30 raM-sodium citrate, pH 7.0) and DNase I (Sigma) (50 gg/ml in 10 mM-MgClz). RNA insoluble in 2 M-LiC1 was size-fractionated as above (Brakke & Van Pelt, 1970) .
Molecular cloning. Ten gg of CyRSV RNA was polyadenylated as described by Carrington & Morris (1984) . Reactions with poly(A) polymerase (Bethesda Research Laboratories, BRL) were incubated for 7 rain, by which time homopolymer tails averaged approximately 40 residues. Polyadenylated RNA was annealed with oligo(dT)12_18 (Sigma) and cDNA was synthesized using 400 units of reverse transcriptase (Moloney routine leukaemia virus, BRL) in a reaction volume of 100 gl in the presence of 50 mM-Tris-HC1 pH 7-6, 75 mM-KC1, 3 mM-MgC12, 10 mM-dithiothreitol, 0.4 mM of each of the four deoxyribonucleotides, 25 units RNasin (Biotec), 10 gg bovine serum albumin (BRL), and 100 laCi [~-32p]dATP (New England Nuclear). The reaction was terminated after 40 rain at 37 °C by the addition of 1 gtl of 0.5 M-EDTA and phenol extraction. Second strand synthesis was conducted with Eseheriehia eoli polymerase I (BRL) as described by Gubler & Hoffman (1983) . Double-stranded DNA was treated with S1 nuclease (BRL) (Maniatis et al., 1982) to ensure blunt ends and simultaneously to digest the residual unreacted oligo(dT). After phenol extraction and ethanol precipitation, dsRNA was resuspended in water and oligo(dC) was added to the 3" ends in a 50 ~tI reaction volume as described by Carrington & Morris (1984) . Samples taken after 1, 2 and 3 min were pooled. Oligo(dC)-tailed dsDNA was inserted at the PstI site of oligo(dG)-tailed pUC9 (Pharmacia), and the hybrid plasmids were used to transform competent E. coli strain HB101 (BRL). Colonies carrying eDNA inserts were identified following the colony hybridization procedure of Grunstein & Hogness (1975) . 32p-labelled eDNA probe was made by random priming (Taylor et al., 1976) using the same RNA preparation and the same procedure outlined for first strand synthesis. Prehybridization, hybridization and washing of filters were done as described by Carrington & Morris (1984) . Recombinant plasmids were extracted from transformed cells as described by Maniatis et al. (1982) . A restriction map was prepared with a number of restriction enzymes (BRL) used according to the supplier; digestion was usually for 90 rain, and fragment size was estimated by comparison with phage 2 DNA digested with HindIII.
Analysis of virus-related RNAs. For Northern blot hybridization, RNA was denatured with formaldehyde, electrophoresed in 1-5% agarose gel in HEPES buffer (Lehrach et al., 1977) , blotted on nitrocellulose or nylon membrane and hybridized to a 32p.labelled random-primed cDNA probe or nick-translated (Maniatis et al., 1982) clones.
Fractions (0.4 ml) of RNA extracte~l from infected plants and centrifuged in linear log sucrose gradients were concentrated by ethanol precipitation and resuspended in TE buffer. Aliquots of each fraction were electrophoresed on agarose gel, blotted on nitrocellulose membranes and hybridized with a random-primed CyRSV cDNA probe, or were translated in rabbit reticulocyte lysates as described by Burgyan et al. (1986) .
RESULTS

Characterization of recombinant clones
Thirty-eight recombinants were obtained that contained inserts with lengths from a few hundred base pairs (bp) to 3800 bp. A partial restriction map was prepared for two inserts (pCyR-1 and pCyR-7) which suggested that their sequences were 3' coterminal (Fig. 1) . A number of other clones were examined for the presence of a restriction site for SstI. All of them contained such a site at the same distance from the site of insertion in the vector because an identical fragment was obtained after double digestion with SstI and Sail and it is likely that pCyR-1 and pCyR-7 are 3' colinear not only with one another but also with virus RNA.
Two subclones (pCyR-1S and pCyR-1E) were prepared by deletion of approximately 1600 bp or 2500 bp from the the 3' terminus of the largest eDNA clone, pCyR-1. They were generated by digestion of pCyR-1 with Sinai or EcoRI, respectively, followed by recircularization with T4 DNA ligase (BRL) (Fig. 1) transcription using the same conditions previously outlined for oligo(dT) priming. The extended fragment was made double-stranded, dC-tailed and cloned as before. The longest insert obtained (clone pCyR-102) was about 600 bp long. It did not contain the primer, so it was not possible to locate it exactly in the 5' region of the virus genome. It did not hybridize with the insert in clone pCyR-1, but did hybridize with genome-size RNA, and so contains most of the sequence not present in pCyR-1.
Analysis of CyRSV-related RNAs
Northern blot hybridization using a random cDNA probe revealed three major viral species in RNA extracted from virions (not shown) or in single-stranded RNA preparations from infected tissue (Fig. 5, lane UF) . An identical pattern of RNA bands was observed when blots were hybridized with clones pCyR-1 and pCyR-7 (Fig. 2a and b, respectively) . The slowest migrating species was identified as the genomic RNA because it had an apparent size of about 4700 bases, and because it was the only prominent species in RNA extracted from virions and stained with ethidium bromide after agarose gel electrophoresis. The sizes of the other two species were estimated to be about 2.1 and 1.0 kb based on their mobility relative to ribosomal and viral RNAs of known size. Hybridization with cloned probes pCyR-1 and pCyR-7 suggested that the two RNA molecules were derived from sequences near the 3' end of the genome. Hybridization with cDNA probes from subclones pCyR-1E, pCyR-1S and clone pCyR-102 was consistent with this suggestion (Fig. 3) ; the smallest subclone (pCyR-1E) hybridized only to genome-length RNA, whereas subclone pCyR-1S hybridized to genomic RNA and the larger of the two subgenomic RNAs. Neither subgenomic RNA hybridized to the primer-extended clone pCyR-102. Thus, the data are consistent with a map in which the subgenomic RNAs are 3' coterminal with the viral genome, as is the case for many other plant viruses (e.g. see Hunter et al., 1976; Carrington & Morris, 1984) . Both subgenomic and genomic RNA species have a double-stranded counterpart which is insoluble in 4 M-LiC1 (Fig. 4) . After denaturation, ssRNA derived from this dsRNA comigrated with ssRNA insoluble in 2 M-LiC1 (not shown). The sizes of the double-stranded virus-related RNAs, estimated by comparing their mobilities in 8~ acrylamide with those of dsRNA from plants infected with cucumber mosaic virus (strain Q), were double those of the corresponding single-stranded RNA species.
In vitro translation of fractionated RNA
Centrifugation in sucrose density gradients of RNA preparations from infected tissue (2 MLiCl-insoluble material) resulted in an enrichment of virus-related RNA species in different fractions. The largest R N A species was about 4.7 kb (fraction 15) although it migrated slightly faster than the 4-7 kb R N A in unfractionated R N A , perhaps because of an electrophoretic anomaly. The larger subgenomic (2.1 kb) R N A was in fractions 9 and 8. The other fractions contained R N A of intermediate size (Fig. 5 ). R N A in fractions 14, 15 and 16 was translated to give 40K protein. Although fraction 14 contains mainly R N A shorter than that in fraction 15 it is equally possible either that this shorter R N A has messenger properties or that the contaminating full length R N A is the m R N A , as it probably is in fraction 16 which contained undetectable amounts of R N A . R N A in fraction 13 had no messenger activity but that in fractions 12 and 11 was m R N A for the coat protein, fraction 12 containing more m R N A than fraction 11, although the latter had more R N A . The activity in fraction 11 of the subgenomic R N A may be altered, however, by the presence of contaminating fragmented RNA. RNA in fractions 9 and 8 was mRNA for a 22K protein (Fig. 6) . Translation products of RNA in fractions 11 and 12 included small amounts of 22K and 40K protein. These probably resulted from contamination between fractions although we cannot exclude more elaborate explanations.
DISCUSSION
The molecular cloning of DNA complementary to the CyRSV genome has permitted identification and preliminary mapping of virus-related RNAs. Results presented in this paper strongly suggest that the gene encoding the coat protein is not located near the 3' end; rather, it terminates about 1000 nucleotides downstream. The T-terminal part of the virus RNA encodes a 22K protein, which is the only translation product of the l kb subgenomic RNA. Data available at present allow the tentative model of organization and expression of the CyRSV genome shown in Fig. 7 . We have obtained no evidence concerning the location of the coding region for the 34K protein (Burgyan et al., 1986) , and this may be a subgenomic species or a part of the genome RNA rendered functional by degradation.
The model proposed here for the genome organization of CyRSV, in particular the position of the coat protein gene, may be a characteristic of the tombusvirus group, since a similar model, based on different experimental evidence, has been proposed for tomato bushy stunt virus (Hillman & Morris, 1986) .
